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Abstract of J P20041 1 9807 

PROBLEM TO BE SOLVED: To provide a 
nitride semiconductor crystal of a high Al 
mixed crystal ratio which is low in crystal 
defects, warping or cracks, and is preferably 
used as a crystal layer with little self- 
absorption as a layer of an ultraviolet emission 
element, and an element using the same. 
SOLUTION: A first layer 3 composed of a 
nitride semiconductor containing Al (e.g. 
AIGaN) is grown on a substrate 1, and 
thereafter a crack 1 0 is formed in the first layer 
by lowering the temperatures from a growing 
temperature, etc. Successively, a second layer 
5 composed of the nitride semiconductor 
containing Al, e.g. AIGaN, is grown on the first 
layer 4. 
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L < A 1 *r*tr*fl:**i&f<t*»e>*3#FS*#L» glSSii, f& 2 i* S S! S , 10 

[ 0 0 2 1 1 

*»W©*<b**i*{t: (IliOl, 2 © Jf , T ifi Jf , #!? * fg & if ) © # ft tc *i T , 
SrfiSft * t U fi, *fc»**il*V^, MOVPE (#«l&jS5l& 

# $ ft j£ ) , HVPE K^ffi^gS) , MBE (ft*m*.V 9 , MO 
CVD (*M£Rft4fcft4§AJtSc) , MOMBE (*r®&JP#^lll«*BfiS£ffi) , £ 

V^fc&jjmt Utt, lg^#50, t m^TTM}MOCVD££^5ii<£ft>S&©ili!i#> 

# s ^ -c *> 0 , m*mm<oi&f&\zt$^x , is^*-y--e©^^K^^Bj|gi : ^5.. * 20 

gl?* 5 0 ^ m£»TT?liHVPEfli^SIS^a< t = y h o-^#BLl>. * , H 
V P E Kli, ilUfcS^SiOiftfeiliKjEOt-C, #£L<tt, GaN, 

AiNSffl^st, »*ttA< tfune-o**. 

[ 0 0 2 2 ] 

. T? , 0 111. #3S9!©/£ft;£j*fc*5tt5#Hg£, «SK:3ft^-r*«[^BrS0r'fo?), EB 
1 (a) ttT«i2Mlg 1 ©ISSIIroSllS) , Ml (b) ttliogll 
IIS, Hi (c) UMlOf^Il, Hi (d) f±«,§{10Jfc*§Ig, 131 (d) tt 
»2©@5j5fcftIg£I&W1-3fc©-C'$>3. * , H 2 I* , *5l^©*Slc:J;»)»l©g 
4fc^j&£n5&©-^1£, ^K*©£BrtT*©*©^j&^1»£lftWr5^II)-?;fc!>, 30 
H3«*38W©ja***fcJ: Oibiiillil 0 S: # 5 H 1 ©14 i|2©l5 £ - 8 
Jgffi2ffi t , to4»10, gfltll*f*JiIKR91-r*«ft*rBB£\ P5^©#®i£#Sr- 

(b) T-fcO, 04tt, <o \z X . fife ft /B & IK l 

©±K»*Ufc»l©«4, m2©g5£^trj£ftJ§£Bfc:&S!>-£-;b#ffl©£#g1K4 0 

*> 9 , £ # £ « ( » 1 £ «) 4 0fcBA»)^t)-a:5IS4:ia4 (a) ic, £J$£}£4 0£;fe 
9 £ *> -H: & , j£ftffl£tt;L«d>t>£«l iTlfiS«:i'^^*1--5xmSrl^*^iS5 0*5 
S*5^lii:L-C-tix j enS4 (b) , (c) tc , ^»B**XS^IcSiJ©^jf£tS (M 2 
SS) 4 lfc«t)*bt5IgSt;ii!)^t)tgfciilgJiit5IiSl4 (d) 

t t © -cfc •? , *BW©^g*ffiic: j; 9 '&btizm 2 ©i 5 sy/xiii i ©e 4 & 40 

1 Ci^glg) 

*3S$©fi)cft#iSfcT-fi, 0 1 fcjj*?- J: 5 , fifcftffl©£*l, m L < tt£«± l-JSft $ * 
fcTil2W±t > 1 ©Jg 3 £fiScft£-fr3 (01 (a) , (b) 

) o Sf$i©Jf 3ft, SI:ift^*|fl=^^ifflv^<ttSi;i<IItICtl!!)Sig^ 
T't, ^2©jfSr^Spr|g-Cfctv«f|&©«-iB- l^mfrtf®) «:JSV>t: fc&V. 
< £« 1 > : 8 1 ©JB (|20|) fifcftffl ©£« 

#389! ©fifeft #i!fcU:&3 £fc, Wfc^tf* * TH&ftffl ©£1£ 1 t Lttt, SAl***** 
ftil'iSltfiOSilfiHt, #<] x. ti , C B , R B , XO t AH©V^f , Jxj!)>^^®i:-r 
H7r-f7, * f (M g A 1 a O«) 0£5&&*tt£4Et S i C (6H, 4H, 50 
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3 C £ £ *j ) . Z n S . Z n O . G a A s . Si. £ Xf M it «3 ¥ « W t Z S& it 

m S « m , «fls**»#«r«***sri:a«^rft-ctt**»fetob*i,ri39, & ¥ # 

* tr 4wv # ij£ tf :olllfiiit77y^^LT^TU<, ^ts 
© T ift 2 iiSilkft^^H^filgJtfci, SS8ffiSrW®«:ifo*ffik:«tt3^*L 

< TifiJf 2 > 

iit-T»i2ll < * l ©»oj*«*#K J: 9«»TTtBT?*> 0 , ISiCSS 

# 2 L < l± G a N ) jJV 5> * * T *& m £ # U T , il©i3^I^t5i, & {fc ^ ¥ 31 # © 

N (OSx^l) £ & ffl ( 2 0 0 ~ 9 0 0 t) g $ -fr > gl^TilSiB.'ej&ftStt-Cffl^ 20 

T- £ . SilSlitKDiTftBaK-C, ^©fSllC ELOG (Ep i tax i a 1 
ly Laterally Overgrowth) WHfcSfcft^l^^l^i i 
ttAtt#&#&j£jtS«tfa&*lS. ELOGlOAMHTtt, &«£«±IC, Stt 

SilSiilCfcU, ▼ ^ ^ « *K t Stft * * W flc * * U T * 81 S li fc JB 4 ^ * * . * 

^ <}: (j 0f g ©/<*->- . 6&J x. ftf S IK K . g{fc^¥^#©l&:gJ8©&£Ertlc:!fi$:£Rtt 
. j e<oraaSBffl|ffi*»f ) «*-rft^<oia*^4$4t'C, «l§ti5It*t)J:<, E L O G (iS 

< s 1 ©1 > 

*«M^«-5«l©Jg'il,-Ctt, # & U: g fl; 4& ¥ 31 # # ffl V> fe ft . #f;:$f$l,<ttAl 
*£ifgft:i!&¥-3i*M 5 ffl^<b;fx. ftt»S KttA 1 ,G 1 ,.,N ( 0 < x £ 1 ) # fl! 

fiS«dtl:St<tSffkft34>&tJ!)5. $ fc M J? f* # fc: IS £ £ *i -f . »2tf>Jg5#$riI 

kj** *r 66 & ft # a < » ft«:wici±s5E-r5«.si^^osa^, ®\®^m&. it^asfn 

««i©H«*»fe. * # tt fc tt. @ W- 1 LTtt, & # . A 1 S .! Jt 4* i- £ 9 H 4 3 # , 40 
A # KMC tt 0 . O5um«±2pmaT©Ki.0*U<tiO. 1 n m SA ± 0 . S n m &L 
TOiBll-CfflVSri^-Ct. :ot|A 1 Sr^tpg-fb^^SltftOA 1 il fitb 4 

^Ifw^S^SKiSftSI^Igli. Ell (c) CStJ: 51:. ^iw®3^«,§{i5 
SStotfcO, »fc»J&**vftv^, fiftW/i^fti Ltd, $ « ft 4 # 4 . H^I 
lc <fc 5 # £ 4 , *ftk&*&*£iP*fc&^W##ife4;as;fcS. 

mnWKIj&bLXlt, iiDiv^i, fgl©li3£/£«;*i*:fc*^^«r@j£f&A»rJ;D 
» 0J*.liEi|it$I5£@£b, B S ?& jM» ?> SI lii £ ft fc * * /n LXftZ? ZW&ttiM, 

Kit), ? 31 ^ & H 1 (c) I:: * "T <}: 5 U: E 5 # fa & SH? T . tSl O&f^ti: 50 
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ft*8ts> fstintfifcj: ?4iSftftv\ s/t, &««ft£8:ic*i <^t . *^^as 

# 5 # , B3K*tJ:54iiirtfcHt*ft, ttft*tc$**»*$j&-t-*ei*ttft|g]4>*r 
9*rfSrSJ(li-5^ll^*)5fc«), « « ft f£ It i ft * « fc 9 # * b < 14 ft < > £ * ?& 
*«rBn#ST6«f»fcJ:9*««r*ai-5ri*t'#S*, ft S 1 Ott, llOlK^O 

* 1t . #J «o « « ft ft £ & {c J: 5 t © t 0 T » ? i -9- - . * 9 5 -Y * - ft if © *S i$ ft ft X 

¥ a ic J: 9, »iro^Sr*pxi,-c, ftS^^1-5rt'b'5rsB-e*>5. *. tf , * * 7 ^ 10 
-ft£'©«i(!9*f^®i;:J:9> liroiaSiicss^T^em^tiKits:^ y 
4-0--fcJ:9JSi0>Ji©-*«r»*i-3»* ( J* * «> * s ) t?«*ta:its«^fig#St-«t 
9, mSSrSI^ $ iir 5 r £ * V t 5 . ± IB S3 9 £ # T- li , _h Si ftt W tc * a |c £ ;6d * 
Kit, 4««r«**rtilEj8# 1 o»fcft««r»rt UT t» & 5$ © **** ffl © & 

? £$u ^0?i^®:m»-J;5JC^)»5® 1 ©swg&igj^®, @ 1 -t-iiTJ&JI 2 fc f? 1 <r>m 
3£©#ffi, ■?Ubcfc«if?l!lJc!tKJ:f 1 4S?:8«H5 ^ Hft , ^-f 
t-»J:?/f*»«¥gf ^Si^S^lSitiJi^H. -f ft *> , r © J: 5 ft in I 

±IBV^-fix<O^S-^g:{c*JV^-Ct. $? * L < 14 13 1 (c) l;$ti5t> SI 1 © if 3 {US 20 
SSifliif H« Sffilfil (Sg 1 nm*$L&. £ * fc £ 8E ® lc # ft 1" * ® «!l ) 
it5:iT?fc5. ft if ft ?> , * S 1 0 £ Jg 1 © if 3 »c 0$ -f -3 £ C , IlOg^i^ 
Dfl®«, S*ElSffi25Si£ht5«t-r5iv ^10^^ffifcEigjt£:^)45JDfc>}, X B 4> £ £ # 
ff Lo£ $ ft 3 4 5 K ft £ fc ft . & B a B ©fi£ig, *fcS««l©»l ©JI£®ffl!l;6» ©*SJB 
rt"bRrtt-e*»5*t©M»!4«HJii45*. $14>J|3*5*i!bBflfcL. X iS & 31 S £ 
Wiifci:^, 31 ffi « a» ft §! l o # 8! £ 2fft ( g £ K ft #> 5 # ft ) ic jg # b r » 
S *i , Sfcl&tf/XttTiftJ^i:, |10l3if, IS 1 © il 

3©S1gffl3lE (111:liT)fil2to#i) HCIiS^S, Milff ldiTiS 
i: © # E , Tifilrtr-oiS^^a, &ffi®iif?i©Ji;t?L<i4Tif!iJi©#E, a* I9rtt b 
*v , tit-Mi oofistiisflisiJii, mzum&simktezfrb-zhz. 30 

i2t, IKOI3K-, aft 5 m&&&&<Dtt m *m%-t s w t -e. =&#-?*©;?& ffi* # 

2£IIK4S!&a#jft;Fg-g-&;fij;8L-C. ? ^ /-> © ?g & <£: ft; £ it- T v ^ac/M-ia^-fSJ:? 
ft £ ;*} * ft x T , !& 1 © J§ 3 K ft g> l OSrlStir ii)5T$5. S& & 3 * £ "C 14 » IS 
1 K tf / X 14 T ifi ^ 2 i , &l©J§3fc©ig|T'. i^^jSlrS45t©i Itt, C © J: 

5 4I*«ftKJ:«*A#ft4jiT4»i 0 t»*tf#5#, tt*&M«R*fc 
4**>©itt&LT#Jin£/h£<, ftglO£^/£-f5lc«*[S]#T?;fcS<DT'. Jt SB $ ^ 

StKKgft 3#*K Sft5&l$©¥i*##;ft£ffl^3;:i-?3m£ii.S. 

M & a J: 5 * m f 14 % #*L<f4, & l ©g©8&l» 5g#f!c J: 9 , StSl&tf/X 40 

ttTUfi® 2 <D®&&m&*±% < -r 5 r t t?, siffliojsgii^^iatsiK i- 

ih \fi W i: tt: £ I& ft 1)V % tc #> & Lk\ ^li»SL<l4, S«i^l©Si: 

©«3g#&|g * t . Sffifi^r©±lc:fig^ J: 9 fctt«W, J.c. + ^{iS 

^-C-fcSfc*. ^^a»-«J:5^^-e«Sffii:©^-e©S5! 1 flg®^»^i6S3£BBWi:ft5fc*» 

©j«ft?as, i2©as> ^3©^«iasir*jv>T^fl:-t-5rt^fc9, ub^s^fi 

9if#©^«^«tft5ri'bfo5 <> -tfc>to*., *®^K©^**ffi»-*JV^T. 50 
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#XSI'*3VNT, ft «J * ^1^ ICC <Q ? *^\CJSX& » *> 9 % 1f (C # £ L 
<I4, 4§«^IIl:«^tIl©IfI?:i!!iiii Lt, 91 38 * & « S i t # » * U 
v*. flxli, IStKttTaili, ft l ©ft t ©ffiW?!^ 14 . m W ft fc ^ T , 
g a £ > ft 1 © ft j$ ft ft g ( ft 1 © ft ft ft ) iftt, toi^^ftt, a ft ft # fc J: o 
X & 2> Z b b^mx h Z> . 

♦ ftWttdHtelRfei*, ft 18 91 « ft # , ft l © Ji # , g*l&tf/:5U4T«SJl2«fc»)/h;* 

<t5:Hti. $ to a 14 , si©ii!i#iaitt«)*ftijji!ifcitia 

x%.®M&.i-zzbxni<Dmmmzib&wbxzz>. r © i 54»»a*«fet*>oTi± 
» ftiwftfcftftasftftSft^i-^jSfltfapfca*}** ft *k ftft-cftftl-scifctfft 

liiJfc*, ^ti-J:niKi:t5;i*4< iU 0 n m £1 ± , »*U<l4±te50 
nnHiitKif^Oj; 5*0>f*i»AKJ:*ja?*»», ^ixfciSftftftftBJI* 
#8S£lsl&-?t5. ftl©ft©ft**iL-CI4, ? y y * f <r>am%±&®8> * A l 
ti&it®¥M#, fftt<lilffiAlGaNit5:it\ #afcft«»**^r«iftS 
„ * fc , tJSt^J: ? 1:4 Si 0»tt«Slo|4l:J:SJSAfl»*«liaD, ft ft l 
i o*iCBffi4< 48 1 0»f It LTli, 4>#<i*>i££#tP}fc:ftl©Jl4©i>925lc 
ft-fSRS-cftfttfftftati', jfftL<ttEi~3C?tJ:5CSi©i4*JfaLt, 

tftb^jsi <o®4(oMfa-tzmmffizwwLxmmmKmm-tz>£ *> k b i* & s r t 

XhK> . 5 »c ft * U < » ft E fc: ft v> r ft Br L- T ft * ft |£ £ ft $ ft 5 J: 5 fcft * 1*1 ft ft 
©ft^fflKftft-t SftSUSft r 20 

±i£L/;:ftgiftfi£Xg£&fc&, ia<r£*ft2©J§^ftXg£#5C:i<bWtgT-. 1" £ 

^ r c -eft w * ft ft ft Hi a* is «r ft x & 5 a* , *&w<oi$.&jjm\z.is^xt±&m\z. 

liSllorai;, Si (d) Ic ^ t J: ? U: . ft g! © *§ , ftft«r/h$<-r.&ftSi|jiftlg«: 
{S *. S i fc -c , K2«iro^f ncis^t, 04fc*-*-.fc5fc, til o*|otl2 
©I5#figg$*-^i-<^tj, gitt;S^±t5 0 r©ftg{i|Xi8Sxai4, ±1 Lti 5l: 
m®1fi)%Jjm. iUMIi:i5*ffifttiS:l,«:ft«:?fti LtfctfSCtiSrt, ± IE ft g 
ftjfcx&fcttft^iBjK^ris&^SJ: 9Kt5:i?^lJjL5„ BtoS&f;:.i:52fi&k:o^ 
T«*t5i, Blfcij*i-J:5«£fti©ft43ttffifciaiIF«fcL, 

, s«iarj«/xttT»i2 + ft § ft ^ x m t 43 ^ t ft a k x 9ft 30 

ftftfc:4:ir-5f?ftto3g£, 4§l!llii:J3^t#£t5l88«IiJ: 9 i§5 ft ft i: -f S 
iit?0^$c8Jil4a»^[S]{C)S^ij5#*^O, ^L<l4^EP*|S]©^^^ll*5ri-e, II 
1 (d) X 0 KDx*g£ * 5 d <k ti^x- # , &tefi£ft£-fr-5ft2©Jf5©fiSi 

ftftft*T?*fti- 3 w 4: T?i r t # # S. Z <D b % . ft Si ft fifc X S K *5 It 

$ « a # a» # rt » fti«>Ji4©*aB«a»i!na5ft, -e & s ft £ , j:B*»-a£«*rft0>ftft 

»ft*©*/h»ft*«ftft1-S»fttt, ft«ftftIftfc*JV*TftftL» ft£L<(4ftl©Jf 
3<Dfi&ftftft4:i!>iiSfti: U. ft«««iafc*jHTftlt»ftiaj:9*«L-C*©ia.fc 
9 ft ft ft i: L , H lc , ftltTft2©ft5-*ftft&«£a££f£t©ftftilAfrftSttttX 
8C«it5fiBgit5:t^tl5. ft«W*i*lcJ:6#^lJ:i4, ft g ft fi£ X a K *5 1^ 
T Jp * Srft^(6| t i--5 ^ b , ft t < 14 * ©#;*j «rft»f 5 £ £ T £ ©ftgj 4R^XSd« 40 
g l£ £ *v , £ ft 2 © JI © fig ft xa^fiSftftftlcfc^TftS 14 
„ «8»4*SI:J:oT^A^lt, Jfffi-f5¥©rcJ;»)ftSitXft«ft«r*f«L-C, ft 

<»2©'*ft*Ift) 

01 (e) \z -T a o \z % l2CgaSl8iLT, ftg}10§rS:ltJtftl©ft4©±^ 
Ff2©ftft (ft3©Rfeftftft) Jd-c, ft2©®5^fi£ft$*5. r©J:5lcffirtT?«Sfil1>: 
*54§1 Oi^ot, ^nSrft545<CfiKgS*i,fcft2©Ji5l4, t**Sft-Cfoofcg 

{fc ft * £ # i^S, i|#icAi4-&tfftfl:ft^««:saSr, iiSAiJSSfl:, J?ft<k%^^$^ 
5ifc#T?t«.' - tvf4, ±i£Lfc±5fcftg£#^Sftl©JSasS«ftb<r4TilSft£ 
ft 2 ©ft t © ft fc ^flE-T r t X, ft 2©aic»^5*S:^Sr^fP$-e:Srt;^ft¥Pftftlci; 50 
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9 * 5 $ ti 5 t n z. h H s 0 2, 3 C ^ -f J; o , ftSl OiiIrtl:SS* % 
«#LT£V>te«ftjft-T?«XL, *8££9*ft0«ttK:#0r$i-t*:ftl«>j|4a, 4b 
. 4c (13 (b) ) #fc5;if, »2©/l5j&gB#, (I3CIS) a> 

b£a*-e&S-f-5B©5?&Bj*e-g-K:j:5£;/j©3g£$:, f? © i& ifiS • & $g ;g L < 
fci"J#»r*iifc«Ufc4 a~c##*S»f5ri:i!tirfcJ:»>, ±IEi£:^^fta#i 5 H^ 

3 # JI (T*a, S i rol. H 2 © Ji ) fcwliisf&to^g-g- ft L, * fc , lie 
ioa*> KJ¥*i?(ctft#1-5 k * Z bti, itib^IiSStSii-e, j?r M © J£ ^ 
8 ftJ f£ Jfl £r L , * fc 35 2 © j§ © Ax »^ C"CS^ia^KTBE"C«> v , ffiffiisftjf'iSzO 

*fc.*2©J!5tt, 4SioSr«--i-5JBi«)JBc9±fcit«*a5 10 

, g2©i5i®^t?,:i:t'e#5 D roil, ^416 t ute, ISJftS^i 

fc tt > S2©J|±nf]|Sr'hS< UT, &*l<ttIl©.@in«*4'J>S<t5t 
A . ife fc , 111 OSrSj i ji:, *2»|«i»)*4ft5:i:i>6. ^ft!6(ci:D* 
f 484:8 5 i Lt:o«SSra5 r i ttt, r © J; 5 & i§ , ^fiit-Cto 

»iiH'J>S< Lfc«fl;«|i|i3»#, H (c # * L < I* A l S £ ft # o © S fl; 4& # T- , 

< m 2 <om> 20 

*K3SSH©/£g2fifc{c*5^T, #3S fc^*$>tt3gfl: LTtt, _h » L. fc J: 5 K 

< a i *^ts%.itw*m-&x h v > ;«5ii, *i©ii»2onttA i SAtttrHi: 
ilttSftStOttSittfl, ffi L< liliciOA l fiiJfcJ:«)/hS^A l 
^^tr^ft^¥^#:T-fe5„ 4 -if f> , 038t4c , i:i DSSf fcotA 1 

# 4 tt fi ft -C , XAlll, SRt1»5r t*U*aft»-C*» 
•? , HoIWA l i^tfUtft^SfltOA HSItiSr^:t<t5:i:?, * © *t £f © t£ 
KSr*iJfflUXJtiSE«aFJRT?±IB!lftW^e'&-KJ:5!»«iaK:J: t)«.S^fi£* s ^I^i:4*3, - 
» l ©JI *5?#ttT'& 5 £ k t?, ifBifcA $ft$£tf? ©8&*#t8 * $ tt 5 k % 7L h ti. t. 
1t% 2 © Ji £ © K # *s ^ r , SSi©JfJ:<JAl& 1 §ifc;Sr/js£<-fSr,!:-c l , & §K <fc 5 
±fejft^4gft©$&;iSA±1-£ffiftfcfc;5fc*T;feS 0 ft o T , r©it£?*L<H:s&l 30 
oli !)f 2©I©gf i^t <fsr ii^as lv\ £ 3" tf £ fls ® 

t LTi±, Al.Ga.-.N (0<x<l) *»4Kffl^6Ji5. 
[ 0 0 2 3 J 

* , ffll J? i: L T li , jfifig, AlSStt/^tiOS^SiS, AltftKli 1 ^ mg±« if 
£L<l4 4/ima±-effl^3;:i:;jS-Ct, w©fc£Al£-g-t?g{fc#l¥*#©Alig,gJt 

t l -t , o. o5«±o. 2 &t &&m<o h (Dtiftmicmm £ tiz . sti. m 2 ami* 

£*tS4fttf, §Sf ^ IS? i§ © - SB , XliS^^^© 

(i2C|^S«©Ig) 40 

. # /i Pfl »c ^ & £ * r © 1 # & ft t i^ -c *> & ^fc^iei-5*^«it«r^j*-f--5 
*§-&Ktt, I2©i^ftigraiciitr < l?iS*i^t5SHISSl, I2ig 
Si, ^5t^^-Ctt^tl-?>^l, 2«lgS®©W©Stt®, <c^o*S*aiLTt6v^ 

. * fc , m 2 <ofg zm* mm <omi$.m k lx , w z. urn 1 m mm m <o & * < 1 1 - n t l 

[ 0 0 2 4 ] 

4 ir © i g , ss^^w^^-igxis^iT^sfcrn, ^^z&mtxm 2 nm 

©±K, i!?*«j£$:fiSJf 1"S ^ t i 50 
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• mm> 

JmsiiftMK, $t?Sfit45»lSfi4 0 1:, ££i±KftALft:ftftJlfrU9tt 
ttt, ffc^«itfc*gft£ffiirai©E, ft x li T J§ 2 , S i ©@ 4, 3g2©j§5©-gB 

[ 0 0 2 5 ] 

*»W©****fc*JV^-C, BB4te*i-i3fc, 3&2©Jl5£/£Si*-e:fc& (S&2©Jg$ 
x S2 0l5©±l:ffii|3 O t/j:5&S3 1~3 3S8iILfcS, £L< 
fi , ft ft J*, ^ y ^V:/tcJ:5iji^fc#©#|$ftif©ig^i0XXg£a;fc# % ft?K, 
$ltS«©g#Xg (W^tlS) , Mttia ((£«;!£«©&£) . «/§&©-&&* 10 
Ift«rft«-*-5:ii:#T?#S. 
[ 0 0 2 6 ] 

ISStilTtt, 14 (a) CStipl:, IB2©Ji5fiSc;g&, ft ft ± * 13} 
SSI31, fittl32, M2gmS!ft3 3ftif©l!S^ftig3 0S:aiiLfc&, ilxtS 
« l±©jfcftJS3Rffifc3£#£;|S4 0£IA!3-g-fc>i$-5„ 

T? £ , **©;(*fttt£fta3fcit>fctt, »$/B©gl£tL-C> A 1 N , B N , S i C , G 
a A s , Si, C < y-f * K) tfJB V* 6 Ji_5 . * fc » sg^SitSr^JfeS^tUfc^^ 
fc tt , fttt J: « ft 0 ft ft - ft * ft ? * ft ft L T * ftfttt»«i:-*-5.ii:iJ*#*U<* r 

©tt. aew^ttaijKjii^oaiwjifiicwt, s a r ft © * * < , *fcx»s«4 0i5g 20 

*«5t 3 0 i»S«^l6 0 ft if "Cmft , i£«tt8s£jia£fflv*5ft£f±£<©ft£-&Jg 
ft if © ft ilft , ««te©ft«a«ttJH*ii*fcit>, £©J:3ft»ftfcM:aftttft«©ft* 
*5^t<. ftte, a*tt3t«fcf**fctt, ftE«ft£©ftftft*r#3ftir*Kft**tt» 
ft*tt©«*ft*rft^fctt**:J!r8i-f5rij9i#*Lv^ 

4 fc , 04 ( c ) KStiiK, ft8»«4 0«fc»*©««*Ri*3»ftK:tt» ft ft 
*#i-*««Srffl»r^*Ci:*»»*L<. mn&m&t LX «: , ft * « , Si, SiC, G 
a A s , GaP, I n P , Z n S e , Z n S , Z nO^OfSSi^^^^lftltS.X 
tt , XttftZfc#Bft;fe5V*ttBftftft©'J>*^2«i»i:©ftB©ft'£flE 
*»6>ft«ftftSi**JflV*5£ i: 4*I*tffl^5:t##*LV^. &JS*« 

ft lc < < , Xfcft*«ft«r»***i:-t-5»-g-.i:*iv*-c % JKftft^-^&ORftttlc*** 
■fft*>fcKftttft«4LT#afcft*»«Kftfl4hSa»&-e*>S. * b K , & ft ft ffifc 

«, a g , cu, a u , p t ft © » a a * *» & a * s ii *: 1 a ± © ft ft i: . w . m 

o, Cr, Ni4f©Hiftft©&JR*»5)S«<S5nfciaEA±©&mi:, A»t>fifcSfc©£ffl^ 

5 d i # t? # 5 „ iHKi'irtt, C u - W ib5 tMiC u -M o ©g^ftS'ffl 
^5:i^ffiLi\ fteft*©il5v>cuS:^rLftfttt!»«ftfb-cv>5Ji»b-e*>5. Sic 

, Cu-WCS^fi!roS-& > Cu©«*f x#0<xg 3011%, Cu-Mo©ft-&# 
© # , C uO*t$x*tO< x ^ 5 0Sft%T*4: IV*. * fc , Cu-^-f 

+ y**©«£ftfti?«:ftv**;:i:#-e*S. ft *J , dJi&ttftftftft 

» Sftttft«, ftattftfteff 3NU ftfttt«ril!»6fcai>50- 5 00j»m#ft*LV*. 40 
[ 0 0 2 7 ] 

it XU (ftftXft) HTIi, *«li:ftftfta*l±Kftft**fcrt 
« Jl © g E K , 141:^1^1:, 8£Jg6 0£:frL,TI l !;9-a'*>-£-C'L,&<, © n# & 

£ j§ 6 o <r>-mi z oof 2ttfgict-5 y*»tts*fca«7 2 t itt 

fiv\ 4fcv r©J:5ft»*ft*r**r»c» *SM^Bi:^ifStS40i:*a[»^«f$-ti: 

zzmmzm^x i> b.< . ftxrar, tf*jitgftw*ig, £#£«&ftftft®*, 
*y^v^«if©{b*ftftfta» ^Bs'S'i'^ftifoftftttftfta, aaftftiaft-c©ft 
ftacj.5fts&ftft£©aaftftfta, * £ ^ ft b £ a * ^ * * & ^ w ft j&a ft ir © 
sti&afcft-c, ft*©ft*«as«r£v^icaft«*-c, igsftaft, ana, ssftE^ 

r. i: K J: 9 , ft#©ft B«ft«r&ft&ft ft £ & J: 9 ft* £ . m-£®<D 50 
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fflv^i^cii, &.&®&mmmw , £S£«4og£?fffi«i©ij>ft<i 

#tt Lt^yf-f v^jt , # & # ft m ® \z t* * <o j: ? tt > t 4 > ? <o m * gifts 

[ 0 0 2 8 ] 

»-CSf*#lit©/B fc * - 5 v 9 & m £ * T, S « « fc: * S * R 0 tH i"« it fc: o T K « 1" 

5. 

nsiog^t, piitiiicnts («*tf »©-»4 if ) tfmi&zti. mm* 

m& & 3f # ifc £ if ) IlOlfiltt, '>4<H> * 2 * W S » # 

piifc»*iftiTfc5i^, P mm t 5 -y * , Kv»E»*fc#i-6p«tt 

& P §!gte4&¥ig#JlC»LT^-fSri:##£L^. plittt, Rh, Ag, N i - 
Au, Ni-Au-RhOStfRh-l rC^fHi)', .fc 9 £f $ L < tt , RhSrfflV^C 

i:#t-i5 s P m®«, nMfcft**#jifctt:^ttJK*©Kv»pSiafl:*¥» 

, piS»IJtt, 0. 05-0. 5^m*j}$LV\ . 20 

* fc. ^l(D^-g-^© P ^«E*^^LfepS^{kife*^fr®OlfffiB(ciffe^tt^(ftai^^ 
JgfiKi-Sri^jifSLV,, i©&KK©W?H-te, Si0 2 . A 1 2 O , . ZrO a , T 

i 0,§ii^^6*IIJ!)5V^ll#iBilv^ciiSfl5. ^©{SSBS©± 
ICA 1 > Ag. Rh*©SSR»*©£*jR*#J*LTt>ftV*. £©&**£:.):!}£»*# 

* SBl©&^Jl©p@S©Jilc:S5l©#Hl^J&J§£^»t ; 5.!:i:t>t-, i2©8^IK 

&&&mtt. »*«fCSV>CltlSLt # 9 , t*t-e*t, Au, Sn, 

Pd, I n«0^||!)>^5, $U tfSg 2 © # A?gj£9 ©ft*'* tt , Au-Sn. Sn 
-Pd, Xfl.I n-Pd#jJ$LV\ ni:»$L<tt ( ilO* s B a «Sil:S n5r, Z 30 

tfcs * i ©&#«©# i ©#&»#« fc p mm t ©ib ic, P m*«a»fe**JB & '< y r 

l^^Jt5it/4S»*L^. SB*JBttp«ffii:©MKi8IV^«iF#*l»«i-5JB-?*>5, T 
Ni v WR^MoOV^-fJxd^W^Jg^jjjitV. £ , /< y T 1 IJ , g& 1 © # H 7£ $ 

i^l©*B B a^^li©|S]K:. 0. 3 M mg*©J!p:£©Aulg&^ricL.-Ct>.g:^ I> & :fc . 

* 2 © * fi ji t * «« a « i: © w k , ±&a>*ntm tJ<y Tm&ifAumtVLtt & z t# 

*fc> S^-ffl i»SttS« 4 SrJnS»ffiS81- ■&!»©»««, 1S0 < C~350*C*«» 40 

tu\ i 5 otaiitsr tiuo, #SB*j£Ji©&B©t£a;a s <EiiS;h'*&-fc*& 

. 3 5 0 t i !) ^ J V> t , #a1.»fi&Jg©&Jg;aS/< y T/f, c? b C lif f 1 t t'tt K L ~C , 

6 # * & * tt * # e> tt * v> *» c t- h s . 

* , 9StlIli40, 4 1 Jrgf i^ttSCIi, ii. ^ v V 
, SBSKK&K &^>^iaitLf>©^ife^ia^-g--&fcffi-g>Wi*ffiSrfflv^-5^i:i4S-C-t5. 
®««JS«tli, «*ttfc«*.tf u-tffcJBv^ ^®ttSS*S5-&^ , (SftfflSIS l ©Ttfs 
^2©^^$tLXV>«rv^B©^:®{cu-ifS:fi5|tt-C (v-fr/w-'/a ^) . Tifi® 
2©-g&*r#8?i*ii:5£iK:<fc!K §Slc^gl£« 1 $r^Si (TM® 2 ft if ) 

B • M ft I T . 04 (b) „ (c) £ if: -f J; p , SIISSliTj6@2 4i?(0^fg 60 
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*Lfc&, »W Ufcfifts*#W*JB©*iB«r CM P*S L-C3fa«5RtBta 

ici*), 9 * -xsmnfo**? , gjbftfSftloi^Rt/^iii ©fag£*T 9 r t #x- 
% 5 . in x. T , r <t ? # g « i faj n tc fi , *r©l&Jf8fc:#5«i?fc:.fc5f&S, 03 x. tf «i fc* 
tt«W*-CttflF««p©«*. u-1f J8*t«l8T ttftMlz J: 5 s&Sfcft S« fc TJfiJB * if ©J* 
gJ§©j£^£ft;f;:.fcSgf£. as in fc 6 # , »2©S5i:SaJi$*b5Sffilf:©Mte, 

* Rrf-tWiKJBricSixfcS-T-fllJt'Sr^O. &#ftglE*IJB;SS3SS$*tS. £ , |g 2 CD 
J§ i: tf> §9 & V •> T . *2ffiSi!! & A ! !fl B B a it © £ fb ¥ * # f fi£ $ tt fc ft 1 © 9 

4. Til2, jd-ftie/iiftJ:!), JSJfcSR^OJB^Sratli-Sli^ttt, rtu b K <R 1" 10 

[ 0 0 2 9 ] 

*i*Bti»*4afiK^*Ill:*iPt, $ » S« 4 0 £ |£ 0 . frgoff 

ilitStiiil:, *5ffl©SSlSrl!*t5:ifef 5. «*.!*» £ ffi © & « 1 fc* 
it&l&£LTfc&<, 04 (b) , (c) tit i 5K, S « 1 i: , StSI^^IS©- 
SB-Cfo^T«fi^2. Ti&m 2 s ISl 0^tt5Hl<Oi4, SB 2 © /I © - U 5 a * if , 
*^«itKT!lfc*5»»*r, Iifflf5 Oi LtK!it5. li^ftiUtt^ 9F fid, 

± 3 3- tt , *fc«i*ifc©*jSteSrffl*^l3-frfc*feSrffl^5r.i:^-e#5. 
[ 0 0 3 0 1 20 
JC fc » *MJKi8©ft«tt6--£3:&K: jsv X . 04 (d) CStijC, XtfSS4C ( Sfl 
1 ©S«) fc« 9 ^t>*fc«.*»©*B«r . S<IO$»«S4 1 (!&2©g*£) fc &S 5 * to 

<*2©Ji«:Jl^fc^**fcH-r«*IS»*> 

^±lft^Lfc*%P^©^SS*ife^iJ;!?^ff,J^5g2W^*fflv^fc^^©B?^l-#5-^^S 

* fc, «ft**t#ll:fflv^nl^»fti Ittt, Si, Ge, Sn, S „ O, T i % 
Zr^ffllVft, tKUVlSS^^ffl^Sri^-Cl, jftKUSi, Ge, Sn 

*fefc»t>»*L<ttSi*ffl^S. 4 fc , pS^^tllHtli, fc'R J£ 3 *t ft V* 30 
Be, Zn, Mn s Cr, Mg, CaftiT#*1f?>*l, ff* K HtMg #ffl^5>il5 
. Tift? 9 — * K-*--4r*aPl-irifcJ:9, *^-«»fcfflV^fe4i*#»«a 

©S{li^¥«fl£®Sr^fi£L, tat54«iIiS-i*t5, HlxT, »20^«r|g^«| 
jft©-tt £ Ltl V> 5 tt ± f£ * HE * 8siP L -Cgf M©&m§! t t? » » *fc t |2C 

J3, T»Jift irfcJbE*M«fc*10 + 5r fcT?. ±SB Ufc*JB©IS*tt,'«fB 

Sr^ft$*5;i«st#5fc*, BrS©*fB«:«3iS*Sfc»»c» ^Mtttfttftl $ ftT t> 

**»»S;**1,T^-Ct»fi^. 40 
[ 0 0 3 1 ] 

* fc . ^^ft^^tftSfg^-^liiSsoil, 0 4 \z. ft -f J: 5 »c » »2©*5©_LK:. » rt 6 
Jirtft<, *2 ©«Sr*T-*5t3 0©-«fc L-C*tr«a-C^o-C t ftv^. H*1Higtt 
, Aft^Sfii«loj|Iio«tSJB3 li, *ixJ:9t>*«i*»&I*ivr»2©#«fflJB 
3 3£;JS;HJI$;}xfc«igi-C#3. iOH. ^f«il3 0O-aitS2©l54ffl^5 

[ 0 0 3 2 ] 

i © <t 5 fc*^*56fci3V^T , B4 K*t± 5K> * K: «* «r ttAl" 5 «tf ©# J*» tt 
tt: . 0 4 (c) fc*1-i5te$«fSffi4 0©g|*B»iJti«l-r5Bfll»c*ffi7 3*»»tTi 



.> 
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& R »t X a < , 04 (d) CStJ:9t, »2©£f¥gJ£4 1»::R&9 p @ \z. (4 
. ftU 0 $ 8 £ « 4 0 * » f| L I* £ « R 5 0 <H 0 A ft Jl X B K R& 7 2 (7 3) £ R 

1 t &ztiztim%tfi)\zmmaixx , ±m ufc x 0 (c£#g« 4 0 t m*m& 3 

0 i©rai:Sin<xtf 2itll3 3 A3 © * - 5: 7^ffl©fgl7 2§r^tr3imtt©« 

#3Si8©j$g*)£l;:,fc9#i=>;h,5j£ftli («S#) © '> ft < i t> - $15 , « it tf , |2<Di 10 
5, Sg 1 © m 4 ft if , Sr±SLfcJ: itf^Siltffl^Sr tijst'l, R: JB ^ * 

cifcf5„ ft(*6<j{ctt, ±£iutfi3 1 1 »2*ms!Ji3 3fc(or B Tic:, m&m 
3 2 * r it it m * m m 3 0 © mm # t * * . istt@3 2, i§ at j§ , # f j§ ft inc g <b % * 

$ # £ ffl ^ 5 i§ K tt . 1 n*$tr&<bfe¥*##8%tt*lcffftSfc»#£l<Jfl^& 
*l,3EC»*L<tt, I n.G a , N ( 0 < x S 1 ) #$#K®:ft.fc3S7fc$b35©3iS7fciii 

# b ft 5 . ^©ItC «3tli Lt> A 1 G a N x GaN4^tffl^5ri*tt5 
o SttStt, i-rof^ift,, R- ©#FJ§ ©m-S^#F*jg. «&©#F^ t , PS 

[ 0 0 3 3 1 20 

ffl ti 5 t < staa^^ppestJ:?!^ R*f8»fcrtS5£e«i-s?sttJBa»&©#; 
( ® * * £ ft * ) a* , tgi o, ^sei tiEM^ ( >h £ ep ) , m + K 

j£ft*ftK8ii:ft«;frft$#©*#ft3Uc;ftL-c, *ft£&§ft<!ffc:J:9£L 
E It £ tf T , A ft ft ( ft * (ft ) LfcftiL-C, sJf^fl-g&lcft&tH-rfSigi: 

ft, * * ft ffi (t ^ * # » Ktt » flc t ft * » * * ^ C T « tt 36 St !» IB U ffl © * 
Sit. *aK«lt U-C»lOB4t«fiSt5ii#T?*5. 
[0 0 3 4 ] 

r © J: 5 ft RfcR^'Rjfi i: , » l © R » »2©Rfc«>HffK:*iV*T, m2©Jf5|i*!Si3g 30 
WfcJ:»jlSAttA»fci«5A 1 R fi H: % J? II © A 1 £^tf^<b*¥«tM J ^fi££ft£fc«>, 

R#R*«>SteJB*»?>©38*tt*#, * * « n: * i- i ? ^ 3fc fl- H£ © .fc pft^Kft-e$>5# 

£ K 13 , gB®)K©4>ft^®iL-tai2©R (Al«r-g-trR-(b4&¥R#®) £ fl9 ^ 5 - £ 
I^Wlctt, Al*£tfftfcfe¥8ttt*«tr0*2«>JI**?-tt& ( SI l 8J m 
ii) O-SPtL-C, «L< tiff iilf jSffl©T«It LTfflv\ *©ft!l©§Sf^«S:it£ 
SR ($1111131, $2911133) Sr, $20i©Aljg 

A Jt J: 1 RAJt©gHb & 5 r i . A 1 RRttfeR2a>RJ: 9 ;*: t < 

LT$20ii?|gi:t5:if 1 «R * * © R * * ic # a ft * « it i: T * * . £ 
nil, 3&2©@£?g*#jt©fa©SJ:!JgAl?iAlt£:-?-Si, ±RLfcAltrRt>Rfl: 
i^SfCU^y^Kt, lft*ttSft«:ffi!ft-Cft> UK, *ftP>i!i^#ji©R,fc!? 40 
t>Jl^-e|g2©Jf;i*7gj£$ft.5t, lg*«iti::#LTJ?K©3g2©B#=S-#ffi©j£:;*Jlc:*: 
t<fg@£&tfL. **t#|iftttA#ftt>©-C*aJ:, 8f«itft<lfiil«51^Jix5 
© "C 3 . Htc, M2©®©R*«3tflIl;:ati6]-J-3ERU:> H fc * I" J: 3 K » 4SSrff 

•t-smi©^4j55$>5t, R^-RRWRRicfc^T*, &t&Vi&l®& & - mm&tE 

\z X Z&fi®&mm#MZ , SfjflcA l &£tra<b®^>£#©R£J&ft£-&*wi:a 5 -e# 
5. £fcv R^«it©«-Rli, JSttRa»P>©R3fe (IttS) \z *t U , g 5. © Jfc © '> ft ^ # 
# «: R £ L , #£L<liAl$r£tf&{b&#R<*:£ffiV^ JKJft L< ItA 1 ,G a 
< N ( 0 < x 3 1 ) r © A: t > WfilHtti, W£~SSgfl-R©4 7 0 nm 

EIT, IB=6!li:tt:aiSSofiVM 2 0nm»T©iS!H^«, »4U<liGaN©®iRi5^: 
£<ft*!Sl&ffiiS€£©3 8 0 nm©Si?#R H ICif S K I1G a N©®lRJStfe5 3 6 5 50 



( 16 ) 



JP 2004-119807 A 2004.4.15 



nmfiiTO*^«i:»*ti«**«o»**flc#lcfflv»6H. $fc:©il, :1ft 

( t& » js ) j)'>/i<a-9oit (mssso & a g • £ & u -c . *o 

# . «ftg&gl5«-£8&i:LTia3SS:©i£SiSic©7fc, I- , 38 ft i!l * © ft i ^ * AD £ 2ft & 
1 0 0 3 5 ] 

l5©«jtS? 1 0 Oli, *»W©-Sl*»tt*r*+ , t»©t?*)9» 15 (a) tt , R 1 O 
i4*S«iiil:S!)t > KS»^iLtSSS-&, S?sn«S2:ft&iR-?-M3 0k: 

u»2oi«r^tf^i»?ii i 3 i, stt® , n 2mmmm#&m zixit&%m?mm. 10 

3 0 !J , 05 (b) l± , mftto*?fftttt*&&S*?tt&30tottjB2aJ|*-Str 

* 1 $*£JI 1 3 1, »2*«ffl«#M4iifc»**3 L *»fc:7*-:*^*:' 
■e^SI5StS200»r^imttSl5*tl6 1 . 1 6 2lCii9^«LrSI$?L N ^ISfillCT 
%M2<Ci , Sr»5feL, SI 2 © 1 l 3 3 $ £ ft 9 ffl « £ ft i 1" S © fe 9 , i©i#> JR 

[ 0 0 3 6 ] 
[HffiW] 

^. 

[»««1] 20 
H JE #i 1 k U, H 1 £ ffl ^ T A 1 iSd| 1 ©Hki*ii^igS S-MO C vd t^fi 5 

<THl*2> 

i«lHT, 2^f * Ot7 7-f TlSiMOCVDCSfSJPIcSSil, Jt V T , * 

KSIHt 1 , 5 10ttrv ; t = 7iTMG £ fflV V S IS -t K G 

i N i 5 45 (<£?&&£©) ^y7rS*ft20nmO8*1!*ftH, & i- > it « £ T 
MG«3*«;±li)tl 0 5 OtJ-eliILT, 1S#^KTMG, 7 y* = 7 tffiV^ t G a 
Ni!45II**8Ay77l (flSifififc*lti*S(PBJI) §:3^m©Kfft?^^$*5<. £ 
©2JB*01 (a) l:*t±5lcT«!l2t Ltffil^. 

( B 1 © ® 3 ) 30 
« V T s HI (b) iZTjk-t J; 5 . ISlOOOt (fliOlt) -C , JS^^^JCTMG 
. T M A > 7^ ; t = 7j:ffl^tAl,.,Ga,.,N^O. 2 m m © K J? "C ft 1 © Jf 3 

^Vn-C, T M G ©* Srih * T £#*F © ffiS £ 5 O 0 "C (S*2©i&£) 4 tPJffllttS. 
r 4i to J: 9 » B l (c) I:*ti5l:. |i<9|4 (3) t^7«^ ( ft 8 ) # & £ L , 
IS(*tt5Sloi4i4!) % ifc::T-tt, S2©ia|HT8l:«l<«2«)i5C 

(S3«ias) m 2 ©tag-cg? j£©r#i«## Lt4S««ii 

©14 (3) £ a & -t 5 t , HI (c) g|l«)J|4«>*iEd>&83#fflto 40 

ft g 1 O tfBl&Zti, Ktf»l<3*4«rjraL-CTiSJl2©*ffito»U*©*ffi-e*«*» 
Jh * D» H2fc«1-J:5fcT*Ji2*B±-e»l0>Ji4fc#ltS*Sft,8l O # « fe *l * 
£ * © ft 8 lc fi £ 68 i ugbn, XfcHfc»1-.fc$R:, gs l © Jg 4 © * ® (ci) 
&^Xg.{tVl ^IHiOMi 2 0 ft ft 8 1 Oiilftiotl^UiilbJii. - © 
±5t-, ft8tt, ®i©S^ffito*iv>r, -t©ilft:«j^^flc©feSE (Mffiofuu cb> 
a b > r so ft if ) fc¥fTfc»j***t*. * fc . T«i2^i<ttSfitsioi4t©i 

«»»j*x«fcttv*-c, E£tf 3 ©m£$r5oo , ca>e>io5o , cici?-?a-t-3. c t £ 3 

. 0 1 (d) ic * J: 9 to . Tffilf L< llSffiiil ©14 icMSffailU 9, 50 
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mi (b) K*^»i<ol§3$£f$©:tfc!i#tg7u£;ft3J;5i£> tSi^lli; * 3 f 
^ co E •? ( r c; T- li S5 l <D J§ ( 3? B M ) £ A , StR (Si) b1r $ ^©SD) 

#SfPt5 J: 9 US l ©14 dSA^tt^S , Hi (d) KitJ; $} l o # ift IS 

i- 5. 

iIl©l4«)il;S20l5HTAl,. , G a „. ,N 4: 6 ^ m©if f*« t 5 
[ 0 0 3 7 ] 

35 2 5 % M i#. g . fcIilJtfiILt, KJE&JP*>b!?*^S:*?>aiL, -tr a l & £ 

ttmit®*mft%i& (m2<o®) ^iitst, lacwtiit, 4g?;tt5gi« 10 

[ tfc « « 1 ] 
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